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TRANSFORAMINAL PROSTHETIC SPINAL
DISC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This Patent Application 1s a continuation of U.S. patent
application Ser. No. 15/880,019 filed on Jan. 25, 2018,

which 1s a continuation of U.S. patent application Ser. No.
15/356,704 filed on Nov. 21, 2016, which 1s a continuation
of U.S. patent application Ser. No. 15/053,020, filed Feb. 25,
2016, which 1s a continuation of U.S. patent application Ser.
No. 14/501,972, filed Sep. 30, 2014, now U.S. Pat. No.
9,301,851, which 1s a continuation application of U.S. patent
application Ser. No. 14/179,102, filed on Feb. 12, 2014, now
U.S. Pat. No. 8,906,069, which 1s a continuation application
of U.S. patent application Ser. No. 13/557,292, filed on Jul.
25, 2012, now U.S. Pat. No. 8,685,103, which 1s a continu-
ation application of U.S. patent application Ser. No. 12/632,
267, filed Dec. 7, 2009, now U.S. Pat. No. 8,277,509, which
are incorporated by reference herein 1n their entireties for all
pUrposes.

FIELD OF THE INVENTION

The present invention relates to a prosthetic spinal disc for
tully or partially replacing a damaged disc between two
vertebrae of a spine. The present invention also relates to a
method for implanting a prosthetic spinal disc via transio-
raminal implantation.

BACKGROUND OF THE INVENTION

As an alternative to vertebral fusion, various prosthetic
discs have been developed. The first prosthetics embodied a
wide variety of ideas, such as ball bearings, springs, metal
spikes and other perceived aids. These prosthetics are all
made to replace the entire intervertebral disc space.

One approach to the intervertebral space 1s the transio-
raminal approach. This approach has been used 1n interbody
lumbar fusion surgeries and involves approaching the
intervertebral space through the intervertebral foramina.
This approach oiften requires the removal of one facet joint
on either the left or right side. After removal, the surgeon
gains access to the intervertebral space through the 1interver-
tebral foramina. One drawback to this method is that the
removal of a facet joint may lead to instability of the spine.
Despite this drawback, 1n many instances the transforaminal
approach 1s favored 1n that there 1s reduced risk to the organs
and greater vessels (as compared to the anterior approach)
and reduced risk to the spinal cord (as to the posterior
approach).

Once a spinal disc 1s positioned, there may be a need to
limit the motion of the disc and convert the disc implant into
a fusion implant. This generally requires the removal of the
disc and the 1nsertion of additional implants. Therefore there
1s a need for a single implant that can be utilized to convert
prosthetic disc into a fusion device tailored for use in a
transiforaminal approach.

SUMMARY OF THE INVENTION

The present invention generally relates to an interverte-
bral prosthetic implant having a first endplate having a first
surface configured to substantially engage with a first ver-
tebral body and a second surface having an extension with
a concave contact surface, the concave contact surface being
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2

spaced apart from the second surface. A second endplate 1s
provided with a first surface configured to substantially
engage with a second vertebral body and a second surface
comprising a convex contact surface, and the second end-
plate having first and second side rails positioned along and
above the second surface defining a first and second arcuate
slots on opposing sides of the second surface. A plate
connects the first and second endplates to restrict motion
between the first and second endplates. The concave contact
surface of the extension substantially contacts the convex
contact surface of the second endplate and the concave
contact surface of the extension directly engages the first and
second arcuate slots of the second endplate. The implant 1s
configured for implantation into the intervertebral space by
a transforaminal approach.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more readily understood with
reference to the embodiments thereof illustrated in the
attached figures, in which:

FIG. 1 15 an illustration of an embodiment of a prosthetic
disc design of the present invention;

FIG. 2 1s an illustration of a bottom endplate of a
prosthetic disc design of the present invention;

FIG. 3 1s an 1llustration of a top endplate of a prosthetic
disc design of the present invention;

FIG. 4 15 an illustration of an embodiment of a prosthetic
disc design of the present invention;

FIG. 5 1s an 1llustration of an embodiment of a prosthetic
disc design of the present invention;

FIG. 6 1s an illustration of a keel of a prosthetic disc
design of the present invention;

FIG. 7 1s an 1illustration of a keel of a prosthetic disc
design of the present invention;

FIG. 8 1s a perspective view of another embodiment of the
present 1nvention;

FIG. 9 1s a perspective view ol an endplate of the
embodiment of FIG. 8;

FIG. 10 1s a perspective view ol an endplate of the
embodiment of FIG. 8;

FIG. 11 1s a perspective view of an endplate of the
embodiment of FIG. 8;

FIG. 12 1s a perspective view ol an endplate of the
embodiment of FIG. 8;

FIG. 13 1s a perspective view ol an embodiment of the
present 1nvention;

FIG. 14 1s an exploded view of the embodiment of FIG.
13;

FIG. 15 1s a cross sectional view of the embodiment of
FIG. 13;

FIG. 16 1s a perspective view of an embodiment of the
present 1nvention;

FIG. 17 1s an exploded view of the embodiment of FIG.
16;

FIG. 18 1s a cross sectional view of the embodiment of
FIG. 16;

FIG. 19 1s a perspective view ol an embodiment of the
present 1nvention;
FIG. 20 1s an exploded view of the embodiment of FIG.

20;
FIG. 21 1s perspective view of an endplate of the embodi-

ment of FIG. 20;
FIG. 22 1s a cross sectional view of the embodiment of

FIG. 20;
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FIG. 23 1s an exploded view of one particular embodiment
according to the present ivention; and

FI1G. 24 illustrates the present invention according to the
embodiment illustrated in FIG. 23.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Embodiments of the invention will now be described. The
following detailed description of the invention 1s not
intended to be illustrative of all embodiments. In describing
embodiments of the present invention, specific terminology
1s employed for the sake of clanty. However, the invention
1s not intended to be limited to the specific terminology so
selected. It 1s to be understood that each specific element
includes all technical equivalents that operate 1n a similar
manner to accomplish a similar purpose.

The present invention relates generally to a prosthetic
spinal disc for replacing a damaged disc between two
vertebrae of a spine. The present invention also relates to a
method for implanting a prosthetic spinal disc via a trans-
foraminal implantation. In particular, the present invention
encompasses a method for implanting the prosthetic spinal
disc via a transforaminal approach. The present mnvention
turther contemplates various instruments, aids, and other
devices for implanting the various prosthetic disc designs.

There are any number of considerations that must be
factored 1nto designs for prosthetic discs. In addition to size
and configuration parameters that impact the implantation
approach, the ultimate goal of any prosthetic disc design 1s
to treat patients with spine problems. In some instances, the
prosthetic disc design 1s used to restore proper vertebral
body spacing. In other istances, the prosthetic disc design
1s used to provide a means by which the vertebral bodies
may move relative to each other, either mimicking natural
movement or providing increased movement as compared to
other treatments such as intervertebral fusion. Finally, any
number of other considerations may impact the design of a
prosthetic disc including, but not limited to, increasing
stability of the spine and decreasing negative biomechanical
cllects on neighboring vertebrae due to degenerative dis-
ease.

The present mvention contemplates the use of fixed and
moving 1instantancous axis of rotation (IAR) and/or the
center of rotation (COR) of one vertebral body with refer-
ence to another. The IAR and COR of a healthy vertebral
body with respect to another 1s constantly changing in all
planes because of pushing, pulling, and tethering of the
segment through 1ts range of motion by the ligaments,
annulus, muscles, facets and other portions of the spine.

Past devices have attempted to mimic or partially mimic
natural disc movement by including designs that provide for
a moving IAR. These designs, however, typically have been
achieved 1n the past at the expense of a loss of stability of

the device. Some examples of prosthetic disc designs having,
a moving IAR are described 1n U.S. Pat. Nos. 4,759,766,

5,401,269, and 6,414,551. Co-pending application Ser. Nos.
11/246,149, 10/909,210, 10/827,642, and 60/491,271
describe 1improved disc designs with variable IARs that
mimic or partially mimic the natural movement of a health
disc.

During a transforaminal implantation the spine 1s sub-
jected to increase destabilization as a result of the removal
ol a facet joint. Additionally, disease or other considerations
may lead a surgeon to prefer a prosthetic disc design that
does not have a moving IAR. Accordingly, some embodi-
ments of the present mvention contemplate prosthetic discs
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4

with a fixed IAR. Another advantage of the present disc
design relates to the incorporation of stops and other
mechanical features of the present invention that reduce the
wear and stress on the remaining facet and other structural
components ol the spine. Generally, past prosthetic disc
designs incorporating a ball and socket design with fixed
IARs have been known to cause damage to facet joints due
to anatomical interferences. The present invention contem-
plates disc designs that reduce the tendency of fixed IAR
prosthetic discs to impact structural wear of the spine.

The materials used for different embodiments of the
invention will depend to some extent upon the type of
surface contact being used as well as the type and extent of
wear that may result. Examples of materials that may be
used include, but are not limited to, polyethylene (or other
clastomeric material) on metal, metal on metal, polyethylene
on polyethylene, or ceramic on ceramic. In some embodi-
ments, metal on metal 1s preferred because there 1s reduced
wear ol the prosthetic disc and reduced debris over long-
term use. Alternatively, 1n some embodiments, ceramic on
ceramic may be used. In other embodiments, any number of
various combinations of materials may be used.

Any prosthetic disc design must consider the type of and
range of movements that 1t will allow. Naturally, the spine 1s
capable of six degrees of freedom (1) compression, (2)
distraction, (3) flexion, (4) extension, (5) lateral bending, (6)
rotation, (7) linear translation. Disc designs may be uncon-
strained, critically constrained, or over-constrained. In an
unconstrained device, the range of motion of a prosthetic
disc 1s not limited by any mechanical limits of the prosthetic
disc. In an under-constrained device, the prosthetic disc’s
range of movement 1s limited to movements outside of the
naturally occurring range of movement allowed or permitted
by a natural healthy disc. In a critically constrained device,
motion 1s allowed within the physiologic range but limited
beyond. An over-constrained device imposes limits on the
natural movement. Unconstrained designs of the present
invention utilize the various components of the vertebral
spine, mcluding muscles, ligaments, facet joints, and other
clements of the body to limit the movement of the compo-
nents of the prosthetic discs. In constrained designs,
mechanical stops may be provided to limit the range of
movement of the components of the prosthetic disc. The
stops may be designed to limit one, two, or more of the
various types ol movements capable by the prosthetic discs
or the natural disc. The present imvention contemplates
prosthetic disc designs allowing for various degrees of
movement, although in some instances, preferred embodi-
ments are constraimned in the degree of freedom to limit
structural wear of the spine. In alternate preferred embodi-
ments, the design of prosthetic discs of the present invention
are constrained to limit the structural wear on a remaining
facet.

The articulating surfaces of the prosthetic discs of the
present invention may be comprised of a convex and con-
cave surface. In this embodiment of the present invention,
the prosthetic disc may allow for axial rotation, radial
rotation, extension, flexion, and bending of the spine. In
some designs, the articulating surfaces may allow for trans-
lation of a vertebral segment relative to another. In the
prosthetic disc embodiments of the present invention, the
articulating surfaces of the prosthetic disc may be designed
to allow for translation in one, two, or more than two
directions.

Prosthetic discs of the present invention for use 1n a
transforaminal approach may be comprised of two compo-
nents: a top piece (also referred to as a top endplate) and a
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bottom piece (also referred to as a bottom endplate). While
for convenience’s sake, the designs of the present invention
will be described as top and bottom, or superior and inferior,
it should be understood that any features associated with one
endplate or piece could likewise be associated with the other
endplate or piece. Similarly, while the articulating surfaces
of the present invention may be described 1n one particular
manner, 1.¢. with the top piece made of a convex surface and
the bottom piece made of a matching concave surface, one
in the art would understand that the type of the articulating
surface of any particular endplate, whether the top or bot-
tom, 1S not important.

Each endplate of the prosthetic disc of the present inven-
tion has an inner and outer surface. The outer surface of an
endplate of the prosthetic disc 1s designed to interact or
contact a vertebral body segment. The mner surface of an
endplate 1s designed with an articulating surface. The articu-
lating surfaces of the present mvention are of a ball and
socket design, which allow the inner surfaces of the end-
plates to articulate with respect to each other. The outer
surface of an endplate may be designed to conform to the
surtface of the vertebral body to which the endplate attaches.
Accordingly the outer surface may have a particular shape to
comncide with the shape of a vertebral body. Alternatively,
the outer surface of an endplate may be curved to conform
to the contacting surface of a vertebral body. Alternatively,
the outer surface of the endplate may have a keel, nails,
spikes, or other structure to contact the vertebral body
surface. Alternatively, the outer surface of the endplate may
have bores through which fasteners may be placed to anchor
the endplate to the contacting vertebral body. In some
embodiment the outer surface of an endplate may contain
one or more of the features described above.

In addition to providing an endplate surface geometry or
configuration that may promote bony in-growth to hold the
interfacing surfaces together securely over the long term,
these configurations also may help provide short term fixa-
tion of the endplate to the vertebral body. For example, a
keel may have a wedge shape so that the width of a first end
of the keel near the endplate 1s narrower than the width of
the distal end. Once 1nstalled, the inverted wedge of the keel
helps prevent separation of the endplate from the vertebral
body at least until bony in-growth can more securely hold
the endplate 1n place.

To help accelerate and to further promote bony in-growth
at the interface between the vertebral body and the end plate,
the end plate may be coated with an osteoconductive mate-
rial and/or have a porous or macrotexture surface. For
example, the end plate may be treated with a coating that
promotes bone growth. Examples of such coatings include,
without limitation, hydroxyl appetite coatings, titantum
plasma sprays, sintered beads, or titanium porous coatings.

FIG. 1 1s an illustration of an embodiment of a prosthetic
disc of the present invention. With reference to FIG. 1, the
prosthetic disc has a top endplate 2 and a bottom endplate 4.
Top endplate 2 has an outer surface 5 and an i1nner surface
6. Bottom endplate 4 has an outer surface 8 and an inner
surface 9. The prosthetic disc of FIG. 1 may be inserted into
the intervertebral space 1n a patient. When inserted, outer
surface 5 of top endplate 2 contacts a first vertebral body
(not shown). Similarly, outer surface 8 of bottom endplate 4
contacts a second vertebral body (not shown). As can be
seen 1 FIG. 1, both the top endplate 2 and bottom endplate
4 have raised keels 10 and 12. As can be seen 1n FIG. 1, the
top endplate 2 has a height H1. Likewise, bottom endplate
4 has a height H2. The exact height of the top endplate 2 and
bottom endplate 4 may vary from design to design depend-
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ing on any number of considerations including for example
the desired disc height 1n a patient or the amount of space
available for implantation of the device.

In one embodiment of the present invention, the surgeon
1s provided a kit with endplates of prosthetic disc designs.
The kit may have, for example, one bottom endplate with a
set height and various top endplates with different heights.
Accordingly, the surgeon may select a top endplate for
implantation with the bottom endplate such that the overall
height of the prosthetic disc after implantation restores the
height of a natural healthy disc. One advantage of providing
a kit with more than one top endplate of various heights, 1s
that 1t allows the surgeon to customize the prosthetic disc
with respect to height during surgery. In addition, the
surgeon may also test fit various top endplates during
surgery. If the disc height does not appear to be desirable, the
surgeon may simply substitute the top endplate for another
one 1n the kit, and hence, make adjustments to the prosthetic
disc during surgery. Of course, one of skill 1n the art would
understand that kits may be provided where the top endplate
has a fixed height and multiple bottom endplates with
various heights are provided. Alternatively, the kit may have
multiple top and bottom endplates which may have different
heights.

With reference to FIG. 2, prosthetic disc designs of the
present invention generally have endplates made with articu-
lating surface. With continuing reference to FIG. 1 and FIG.
2, bottom endplate 4 may have a partially spherical contact
surface 21. Partially spherical contact surface 21 may be
convex and extend above 1mner surface 9 of bottom endplate
4. Partially spherical contact surface 21 may be dimensioned
to provide a suflicient area over which a top endplate (not
shown) may contact. As can be seen in FIG. 2, partially
spherical contact surface 21 is partially surrounded by a rim
23, which creates a transition zone between partially spheri-
cal contact surface 21 and mnner surface 9 of bottom endplate
4.

FIG. 2 further shows one part of a two-part mechanical
stop according to one embodiment of the present invention.
As seen 1 FIG. 2, partially spherical contact surface 21 of
bottom endplate 4 has a channel 25 extending through the
convex partially spherical contact surface 21. Channel 25
has a bottom wall 26 and two side walls 27 and 28. Bottom
wall 26 of channel 25 1s substantially flat or parallel with
interior surface 9 of bottom endplate 4. In alternative
embodiments, however, bottom wall 26 of channel 25 may
be convex or concave.

FIG. 3 1s an 1llustration of a top endplate of a prosthetic
disc according to one embodiment of the present invention.
Top endplate 2 has a partially spherical contact surface 31
that 1s concave. Partially spherical contact surface 31 may be
dimensioned to provide a suflicient area over which a bottom
endplate (not shown) may contact. Accordingly and with
reference to FIG. 2 and FIG. 3, partially spherical contact
surface 31 of top endplate 2 and partially spherical contact
surface 21 of bottom endplate 4 are substantially of similar
dimension and shape such that when the prosthetic disc 1s
assembled, contact surfaces 21 and 31 mate over an area of
cach respective surface to create articulating surfaces. The
articulating surfaces of this ball and socket type design
impart the degrees of movement between top endplate 2 and
bottom endplate 4.

As seen 1n FIG. 3, partially spherical contact surface 31 1s
at least partially surrounded by rim 33. Rim 33 defines the
outer circumierence of partially spherical contact surface 31
and creates a transition zone between partially spherical
contact surface 31 and mner surface 6 of top endplate 2. As
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turther seen in FIG. 3, partially spherical contact surface 31
contains a raised portion or protrusion 35. Protrusion 335
generally comprises the second part of a two-part mechani-
cal stop. Protrusion 33 runs radially from one point along the
outer circumierence of partially spherical contact surface 31
to 1ts opposite point through the center of partially spherical
contact surface 31. Protrusion 35 extends above partially
spherical contact surface 31 and has two side walls 36 and
37 and a bottom wall 38. In FIG. 3, the protrusion 1s shown
with a concave bottom side wall although in alternative
designs, bottom wall 38 may be convex or parallel to interior
surface 6 of top endplate 2.

Whatever the particular design, the mechanical stops are
intended to provide constraints on the degrees of movement
ol the prosthetic disc, 1.e., the degrees of movement allowed
by the articulating surfaces of the contacting endplates. With
continuing reference to FIGS. 2 and 3, channel 25 and
protrusion 35 are designed to limit rotation of the prosthetic
disc. In this embodiment of the present invention, channel
25 has a width W1. Protrusion 33 1s designed with a width,
W2, that 1s less than W1. The particular widths, 1.e. W1 and
W2 may vary, although their dimensions will determine the
amount of rotation allowed. When assembled, partially
spherical contact surfaces 21 and 31 are mated or in contact
and protrusion 35 lies or fits within channel 25. Upon
rotation, side walls 36 and 37 of protrusion 35 may contact
side walls 27 and 28 of channel 25, hence limiting move-
ment. As one of ordinary skill in the art would understand,
the respective widths of protrusion 35 and channel 25 will
determine the amount of rotation allowed.

Prosthetic disc designs of the present invention may
turther contain additional mechanical stops to control or
limit movement in other degrees of freedom. For example
and with continuing reference to FIGS. 2 and 3, interior
surfaces 31 and 21 of top and bottom endplates 2 and 4,
respectively, may contain mechanical stops to limit lateral
bending, flexion, and extension. As seen in FIGS. 2 and 3,
rims 33 and 23 of top and bottom endplates 2 and 4,
respectively, may be used to mechanically limit the lateral
bending, flexion, and extension. In this embodiment, rims 33
and 23 of top and bottom endplates 2 and 4, respectively, are
dimensioned and sized such that during flexion, extension,
and/or lateral bending, rim 33 of the top endplate 2 and rim
23 of bottom endplate 4 may contact each other and prevent
the articulating surfaces, 1.e. partially spherical contact sur-
face 31 of top endplate 2 and partially spherical contact
surface 21 of bottom endplate 4, from further articulation.

In an alternate embodiment of the present invention,
alternative mechanical stops are provided. With reference to
FIG. 4, a prosthetic disc design 1s 1llustrated with mechani-
cal stops to limit rotation of the respective articulating
surfaces. As seen 1 FIG. 4, partially spherical contact
surface 21 of bottom endplate 4 and partially spherical
contact surface 31 of top endplate 2 are 1n contact and do not
contain any additional channels or protrusions as 1n previous
designs. Instead, mechanical stops are formed on the interior
surfaces 6 and 9 of the top endplate 2 and bottom endplate
4.

As seen 1n FIG. 4, interior surface 9 of bottom endplate 4
contains a first part 43 of a two-part rotational stop. In this
particular embodiment, the rotational stop 1s located on the
posterior portion of the prosthetic disc. A first part 43 of the
rotational stop 1s located on the interior surface 9 of lower
endplate 4. First part 43 of the rotational stop 1s made of a
first and second protrusion 42 and 44, respectively, that
extends from the interior surface 9 of bottom endplate 4.

Protrusion 44 has five walls, four side walls 45, 46, 47, 48
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and one top wall 49. Similarly, protrusion 42 has five walls,
four side walls 55, 56, 57, 538 and a top wall 59. In this
particular embodiment of the prosthetic disc design, side
walls 45 and 55 have angled surfaces as seen in FIG. 4. The
second part of the rotational stop 1s located on the interior
surface 6 of top endplate 2. This part of the rotational stop
1s a protrusion that extends below the interior surface 6 of
top endplate 2. Top endplate protrusion 63 has five walls,
including four side walls 65, 67, 68, 69 and one bottom wall
70. In this particular embodiment of the prosthetic disc
design, side walls 65 and 66 have angled surfaces as seen 1n
FIG. 4.

With continuing reference to FIG. 4, the first and second
protrusions 42 and 44 of bottom endplate 4 and protrusion
63 of top endplate 2 are not in contact when the prosthetic
disc 1s assembled and 1n 1ts neutral position (shown 1n FIG.
4). During rotational movement, however, protrusion 63 of
top endplate 2 will contact one of the first or second
protrusions 42 or 44 of bottom endplate 4. For example, in
one direction of rotation, side wall 65 of protrusion 63 of top
endplate 2 will contact side wall 45 of first protrusion 42 of
bottom endplate 4, thus, limiting the movement or the
articulating surfaces of the top and bottom endplates 2 and
4. As seen 1n FIG. 4, angled side walls 45, 55 and 65, 67 may
cause the endplates to move as 1n tlexion. Accordingly, this
design provides a soiter or more cushioned rotational stop
than would be encountered 1f the side walls were perpen-
dicular to their respective interior surfaces. In alternative
embodiments, the angles formed between the side walls and
interior surfaces may be acute, 1n which case the rotational
stops might additionally serve to create the opposite move-
ment described above, namely, extension. As one of skill in
the art would understand, the placement of the rotational
stops and angles of the side walls may be varied to achieve
various results and degrees ol movement.

Preferably, the height of first and second protrusions 42
and 44 of bottom endplate 4 are sized, 1n conjunction with
the height of protrusion 63 of top endplate 2, such that the
upper walls 49 and 39 of first and second protrusions 42 and
44 of bottom endplate 4 do not interfere or contact interior
surface 6 of upper endplate 2 during flexion, extension, or
lateral bending. Rather, rims 23 and 33 of upper endplate 2
and lower endplate 4 act to limit movement 1n those direc-
tions. Similarly, protrusion 63 of top endplate 2 1s sized such
that bottom wall 69 does not come 1nto contact with interior
surface 9 of bottom endplate 4. The height of the rotational
stop protrusions 42, 44, 63 may be larger or smaller depend-
ing on the amount of flexion, extension, and lateral bending
allowed by the rims on the interior surfaces of the top and
bottom endplate as discussed above. Alternatively, in
embodiments where rims are not provided as mechanical
stops for flexion, extension, and lateral bending, the heights
of the protrusions may be sized such that top walls 49 and
59 and bottom wall 69 do come 1nto contact with the interior
surfaces of the top and bottom endplate, thus also serving as
mechanical stops for flexion, extension, and lateral bending.
Of course, one of skill 1n the art would understand that to
limit all three types of movement (in addition to the rota-
tional limitation) 1n a prosthetic disc design without rims, the
design may require an additional set of protrusions located
at an anterior portion of the prosthetic disc.

FIG. 5§ 1s an 1illustration of another embodiment of a
prosthetic disc design with an alternative mechanical stop
design. As seen 1n FIG. 3, rotational stops may be provided
located on the interior surface 6 of upper endplate 2. In this
embodiment, four cylindrical shaped pins 71, 72, 73, 74 are
located on the four corners of interior surface 6 of top
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endplate 2. Bottom endplate 1s formed with holes 81, 82, 83,
84 on 1nterior surface 9 of bottom endplate 4 directly below
cylindrical shaped pins 71, 72, 73, 74, respectively. In the
prosthetic disc’s neutral position, cylindrical pins 71-74
extend at least partly within the cavities created by holes 5
81-84, respectively. Accordingly, during rotational move-
ment the exterior surfaces of pins 71-74 contact the interior
surtaces of holes 81-84 limiting movement. In some designs,
holes 81-84 extend entirely through bottom endplate 4. In
alternative designs, holes 81-84 may be blind holes, 1.e. 10
where holes 81-84 do not extend through bottom endplate 4.

As would be understood by one of skill in the art, holes
81-84 are sized in conjunction with pins 71-74, to provide
for the freedom of movement desired. Similarly, where holes
81-84 are blind holes, in some designs the depth of holes 15
81-84 and the length of pins 71-74 may be dimensioned such
that pins 71-74 contact the bottom portion of their respective
holes 81-84 during flexion, extension, and/or lateral bend-
ing. This additional stop mechanism may work 1 conjunc-
tion with the rim design previously described or may sub- 20
stitute the rims and be the primary mechanical stop to limait
or constrain flexion, extension, and/or lateral bending. In
alternative embodiments, only one pin and one hole may be
provided. In alternative embodiments, more than one hole
and pin 1s provided. Furthermore, it would be understood by 25
one of skill in the art that the pins and holes need not be
cylindrical 1n shape but may also take various shapes yet still
serve as rotational stops. Similarly, one of skill 1n the art
would understand that of the various mechanical stops
described, any number of variations and combinations may 30
be employed to limit movement of the articulating surfaces
of the prosthetic disc designs.

In an embodiment of the present invention the prosthetic
disc design 1s rotationally constrained and the endplates are
allowed to rotate 1° in either direction from 1ts neutral 35
position. In alternative embodiments the prosthetic disc
design 1s rotationally constrained and the endplates are
allowed to rotate 10° or more in eirther direction from 1ts
neutral position. In some embodiments of the present inven-
tion, the prosthetic disc design may be unconstrained 1n one, 40
two, or more than two degrees of freedom. In some embodi-
ments of the present invention, the prosthetic disc design
may be constrained 1n one, two, or more than two degrees of
freedom.

In one embodiment of the present invention, the upper and 45
lower portions of a disc assembly may be configured with a
keel that can engage with or contact a neighboring vertebral
body. One advantage of providing a keel 1s that 1t may be
used to guide the assembly into position during insertion
into a treated area of the spine. For example, a channel or 50
groove may be cut out of a vertebral body to facilitate
insertion of a keel. Then, a physician may insert the assem-
bly 1nto the vertebral body so that the keel slides in the
groove or channel. The keel and grove may be substantially
linear or straight, or alternatively, may be curved or arched 55
so that the assembly rotates and slides into position. The
ridges or keels and corresponding channels or grooves also
may be straight or curved to match the desired 1nsertion path
of the assembly. The grooves or channels formed 1n a
vertebral body may help achieve the proper orientation and 60
distance of the assemblies and provide for a secure anchor-
ing of the endplate or endplates.

The cross-sectional profile of the keel may have diflerent
shapes. For 1nstance, the cross-sectional profile of the keel
may have the shape of a wedge, a truncated wedge, a 65
rectangle, or a square. The channel or groove may be cut to
have a cross-sectional profile corresponding approximately
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to the shape of the keel. One advantage of the keel having
a truncated wedge cross-section 1s that a similarly shaped
channel or groove may ensure that the keel engages with the
bony surface. This configuration may also provide increased
resistance to expulsion of the disc assembly.

In one embodiment, the cross-section of a ridge or keel
may be triangular or have a truncated triangular shape. For
example, as shown i FIG. 6, keel 90 1s of a truncated
triangular shape. The height of keel 90 may vary, but may be
configured with sloped sides 92 and 94, as shown 1n FIG. 6,
of about 3° from the longitudinal plane. The height of keel
90 may vary, but 1n general 1s designed to provide suflicient
contact area once inserted in the vertebral body to anchor
endplate 95. The keel may be sized such that any groove or
channel cut into the vertebral body to accommodate the keel
does not substantially impact the structural integrity of the
vertebral body.

The use of one or more keels may also increase bone to
implant surface contact, thereby decreasing the likelihood
that the assembly will shift or move about of position. In one
embodiment, the increase 1n surface contact may be about
5% or more, which 1n another embodiment the increase may
be about 15% or more.

Over time, 1t 1s believed that the stability of the disc
assembly 1n the treated area will further increase as bone
growth engages with outer surfaces of the disc assembly. To
facilitate this growth and increased stability, all or part of the
surfaces of the disc assembly that engages or otherwise
contacts bone may be treated to promote bony 1n-growth.
For instance, titantum plasma may be provided on the keel
or other portions of the assembly to provide a matrix for
bone growth. In addition, the keel may be configured with
notches, slots, or openings formed along 1ts length. As bone
grows 1nto these openings, the disc assembly will become
more securely anchored 1n place.

As a disc assembly 1s first inserted into a treated area, 1t
may need to be repositioned, rotated or otherwise moved.
For instance, repositioning the disc assembly may be needed
so that the keel can properly engage with the channel or
groove. As shown 1n FIG. 7, keel 90 of endplate 95 has an
angled first leading edge 96. Additionally, endplate 95 may
be configured with a second leading edge 97 that does not
contain part of keel 90. Thus, in one embodiment the
assembly can be partially inserted imto the treated area
without keel 90 engaging with or contacting the vertebral
body. In one embodiment, the length of second leading edge
97 i1s from about 1 mm to about 10 mm, while 1n another
embodiment second leading edge 97 1s from about 2 mm to
about 5 mm. Alternatively, the length of second leading edge
97 may be from about 1% to about 20% of the length of the
endplate 95 on which 1t 1s disposed, or may be from about
2% to about 10%. The length of the endplate 95 may be
determined by measuring the longitudinal central axis of the
portion or endplate on which second leading edge 97 1s
disposed.

In addition, referring again to FIG. 7, keel 90 may have
first leading edge 96 that 1s sloped or gradually increases 1n
height. As seen 1n FIG. 7, first leading edge 96 1s sloped.
Providing a ramped first leading edge 96 may aid in aligning
and mserting keel 90 into a groove or channel formed 1n a
vertebral body.

As mentioned previously, the keel of a disc assembly may
be configured to promote or permit bony in-growth that may
help hold the disc assembly 1n place more securely. FIG. 7
further 1llustrates an embodiment of keel 90 having a
plurality of slots or cuts 98 formed in 1t. In FIG. 7, slots 98
may extend at an angle, such as from about 50 to about 40°
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ofl from a vertical direction, and more preferably from about
10° to about 30° Keel 90 may have two or more, or even
three or more slots or cuts. One skilled 1n the art would
appreciate that other configurations may also be used to
promote bony in-growth that might help further secure the
disc assembly 1n place. For instance, the keel may have holes
or apertures drilled into 1t, longitudinal or horizontal slots
may be formed, and the sidewalls of the keel may be
textured with one or more grooves or channels that does not
extend fully through the keel to the opposing sidewall.

In addition, the face of the keel that 1s first inserted into

a groove or channel may have a taper or chamifer. One
potential advantage of configuring a keel with a taper or
chamifer on its face 1s that 1t may assist in aligning the keel
with the opening of the channel or groove. In addition, a
chamifered or tapered face may help reduce drag forces and
undesired cutting or gouging of the channel or groove as the
keel 1s pushed toward its final position. As seen 1n FIG. 7,
the face of keel 90 1s configured with a chamier 99 to aid in
the 1nsertion of the prosthetic disc.
In an alternate embodiment of the present invention,
different prosthetic disc designs may be provided. With
reference to FIG. 8, an alternate embodiment of the present
invention 1s provided. As seen 1 FIG. 8, a prosthetic disc
100 1s provided having an upper endplate 110 and lower
endplate 120. Upper endplate 110 may be configured with a
keel 105, as discussed previously, to guide the endplate
during implantation and increase contact area between the
upper endplate 110 and the upper vertebral body (not
shown). Similarly, lower endplate may be configured with a
keel 115, to gmde the endplate during implantation and
increase the contact area between lower endplate 120 and
the lower vertebral body (not shown).

With continuing reference to FIG. 8, FIGS. 9 and 10
illustrate the lower endplate. In FIG. 9, the lower endplate
120 1s illustrated showing 1ts superior surface 121, whereas
in FIG. 10, the lower endplate 1s illustrated showing its
inferior surface 123, 1.e. the surface which contacts the lower
vertebral body. As seen 1n FIG. 9, the lower endplate 1s
configured with a partially spherical surface 125, which 1s
concave and provides a seating surface configured to contact
with the convex, partially spherical surface of the upper
endplate (described below). Disposed about concave par-
tially spherical surface 125 of lower endplate 120 1s a
partially conical rim that forms sidewalls 126 and 127 to the
concave partially spherical surface 125. Disposed about the
perimeter rim of the concave, partially spherical surface 125,
are two opposing windows 128 and 129 formed out of, or
interrupting, sidewalls 126 and 127.

As seen 1n FIG. 9, window 129 leads to a cavity 131 that
1s has an inferior surface 133 and three sidewall surfaces
135, 137, and 139. While partially ludden in FIG. 9, one of
skill 1n the art would understand that window 128 leads to
cavity 132, which 1s stmilarly formed with sidewall surfaces
134, 136, and 138. Cavities 131 and 132 are recesses formed
within lower endplate 120 that are configured to interact
with stops on the upper endplate, as described 1n more detail
below.

With reference to FIG. 10, lower endplate 120 1s shown
having an inferior surface 123 upon which keel 140 1s
tormed. The keel extends generally the length of the lower
endplate 123 and 1s disposed generally along the midline of
lower endplate 120. Keel 120 may have notches 142 formed
within the keel body to provide areas into which bone may
grow, and hence, provide a mechanism for increasing the
attachment of lower endplate 123 to the vertebral body.
Similarly, keel 140 may be formed with a leading edge 143
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that 1s slanted towards the center of lower endplate 120. This
leading edge helps during insertion by providing a favorable
contact surface as the prosthetic disc 1s inserted into the
vertebral space.

With reference to FIGS. 11 and 12, upper endplate 110 1s
shown. In FIG. 11, the upper endplate 110 1s shown with a
view ol 1ts superior surface 111, whereas 1n FIG. 12, upper
endplate 110 1s shown with a view of its inferior surface 112.
As can be seen 1n FIG. 11, the upper endplate has a keel 113,
similarly positioned and configured as keel 140 of lower
endplate 120. One difference 1n this embodiment, however,
1s that keel 113 of upper endplate 110 may have a window
or cut-out 115 formed within keel 113. The cut-out 115 of
keel 113 1s a cavity disposed generally 1n the center portion
of keel 113. Cut-out 115 1s preferably symmetrical and
extends along keel 113 1n equal directions from the center of
the prosthetic disc. As a positioning feature, the cut-out 1s
most effective 1f the center of cut-out 115 1s the same as the
center of upper endplate 110 and prosthetic disc 100. In
these 1nstances, as one of skill in the art would understand.,
when the profile of prosthetic disc 100 1s viewed in the
medial-lateral plane, the center of cut-out 115 corresponds to
the center of the prosthetic disc. The positioning feature
allows a surgeon to position the prosthetic disc within the
intervertebral space, regardless of the angle at which the
prosthetic disc was placed. Because the window remains
visible 1n a profile view along a variety of angles, the center
of the cut-out can be used to position the prosthetic disc
within the vertebral space. In this way, the cut-out provides
a way to position the prosthetic disc within the intervertebral
space 1n a consistent and simple manner, which 1s indepen-
dent of the angle of insertion. This feature may also be used
alter implantation of the prosthetic disc during follow up
visits to track the position of the prosthetic disc postopera-
tively.

With reference to FIG. 12, the inferior surface 112 of
upper endplate 110 1s shown. As seen in FIG. 12, a partially
spherical convex surface 114 extends in the inferior direc-
tion from the inferior surface 112 of upper endplate 110.
Partially spherical convex surface 114 of upper endplate 110
1s configured to engage with partially spherical concave
surface 125 of lower endplate 120 when the prosthetic disc
1s assembled. In this manner, the contacting surfaces, 1.e.
partially spherical concave surface 125 and partially spheri-
cal convex surface 114, may articulate with respect to each
other. The articulating surfaces provide the relative rotation
of the adjacent vertebral bodies, above and below the
prosthetic disc. The partially spherical nature of the contact-
ing surfaces provides the fixed IAR and COR previously
described above.

As can be further seen 1n FIG. 12, the inferior surface 112
of upper endplate 110 1s configured with two stops 116, 117
that extend downward from the inferior surface 112 of upper
endplate 110. In this embodiment, the stops are shaped as
truncated cylinders, although in alternate embodiments the
stops may take the form of any varniety of shapes and
configurations. As seen 1n FIG. 12, the stops are spaced apart
from the partially spherical convex surface 114 of upper
endplate 110. As further seen 1n FI1G. 8, when upper endplate
110 and lower endplate 120 are assembled, stops 116 and
117 of upper endplate 110 it within cavities 128 and 129 of
lower endplate 120. While FIG. 8 1s shown with the pros-
thetic disc 1n its neutral position, one of skill in the art would
understand, that upon axial rotation of the endplates with
respect to each other, the stops would interact with the
sidewalls of cavities 131, 132 and limit rotation of the
endplates relative to each other. As seen 1 FIG. 9, sidewall
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135 provides a surface against which stop 117 abuts. As
further seen 1n FIG. 9, sidewall 139 1s not necessarily
configured to provide a contact surface for stop 117. This 1s
s0 because 1n this particular design, the remaining facet acts
as a limiting mechanism for rotation in that direction.
Accordingly, one of skill 1n the art would understand that
depending on the facet removed, this embodiment may be
designed in alternative configurations such that a mechanical
stop 1s 1ntegrated into the prosthetic disc design to compen-
sate for the removed facet, while relying on the remaining
facet to act as a natural stop for rotation in the opposite
direction.

As one of skill in the art would understand, the sizes of the
cavities and stops may be varied to allow for the range of
movement desired. Accordingly, 1n some instances it may be
desirable to limit axial rotation to between about 11 to about
10° In alternative embodiments axial rotation 1s limited to
between about 3° to about 7°, or between about 4° to about
6°, or to between about less than 1° to more than 5.°

In an alternate embodiment, prosthetic disc 150 has an
upper endplate 160 and lower endplate 170. With reference
to FIG. 13, upper endplate 1s configured having a superior
surface 161 and inferior surface 162. Superior surface 161 of
upper endplate 160 1s configured with a keel 1635, which may
contain similar features as previously described. Inferior
surface 162 of upper endplate 160 has a partially spherical
concave surface 163. With continuing reference to FIG. 13,
lower endplate 1s configured with an inferior surface 171.
Inferior surface 171 of lower endplate 170 1s configured with
a keel 175, which also may contain similar features as
previously described. Superior surface 172 of lower end-
plate 170 has a partially spherical concave surface 173.

With continuing reference to FIG. 13, FIG. 14 illustrates
an exploded view of the embodiment of FIG. 13. As seen 1n
FIG. 14, lower endplate 170 1s constructed from two pieces
to from the lower endplate 170. First portion 176 comprises
the inferior surface 171 having a keel 175 and superior
surface 177 configured to receive a second portion 180.
Second portion 180 1s a partially spherical wedge having a
discreet thickness and curvature. The curvature of partially
spherical convex wedge 180 corresponds to the partially
spherical concave surface 163 of the inferior surface 162 of
upper endplate 160, thus forming a partially spherical con-
vex surface 181. While any number of methods may be used,
one non-limiting method of attachung first portion 176 to
second portion 180 may be welding. In this example, the
lower endplate 170 1s formed of a first portion 176 and
second portion 180, wherein after attachment of the second
portion 180 to the first portion 176 a cavity i1s formed
between the first portion 176 and second portion 180 of
lower endplate 170. As seen 1n FIG. 14, second portion 180
turther has two bore holes 182, 183 disposed on its partially
spherical convex surface 181.

Stops 185, 186 may be used to limit the articulating
between the partially spherical concave surface 163 of upper
endplate 160 and the partially spherical convex surface 181
ol second portion 180 of lower endplate 170. Stops 182, 183
have two portions, an attaching portion 186, 187 and a
washer portion 188, 189, respectively. These portions may
be integrally formed as one piece or may be formed as
separate pieces. In an embodiment, attaching portion 186 1s
shaped as a cylindrical rod as seen 1n FIG. 14. Attaching
portion 186 1s configured to attach to upper endplate 160 on
one end and attach to washer portion 188 on the other end.
The attachment may be by any number of different means
including welding, fixation compounds, threaded attach-
ments or others. When assembled, attaching portion 186 1s
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fixedly attached to the partially spherical concave surface
163 of upper endplate 160. Additionally, washer portion 188
1s fixedly attached to attaching portion 186 after upper
endplate 160 and lower endplate 170 have been assembled,
1.¢., partially spherical concave surface 181 and partially
spherical convex surface 163 are in contact. In this embodi-
ment, attaching member 186 1s attached to the upper end-
plate 160 such that when the prosthetic disc 1s assembled,
attaching members 186, 187 pass through bore holes 182,
183 respectively. Washer members 188, 189 are configured
to contact or abut the lower surface 190 of partially spherical
wedge 180.

Washer members 188, 189 are also configured such that
the upper surfaces 191, 192 of washer members 188, 189 are
sized such that washer members 188, 189 will not pass
through bore holes 182, 183. Accordingly as one of ordinary
skill 1n the art would understand, when assembled, partially
spherical convex surface 181 and partially spherical concave
surface 163 may articulate with respect to each other but will
be limited by the interaction between the solid perimeters of
bore holes 182, 183 and their interaction with attaching
portions 186, 187 of stops 186, 185 respectively. Similarly,
washer portions 188, 189 act to limit separation of the upper
endplate 160 and lower endplate 170.

As should be apparent from the foregoing description the
s1ze of the attaching members 186, 187 and/or the bore holes
182, 183 may be adjusted to increase or decrease the amount
of articulating that may be experienced between the partially
spherical surfaces 163, 181. Additionally, one of ordinary
skill in the art would understand that the configuration of
bore holes 182, 183 and/or attaching members 186, 187 may
differ, which would impact the degrees of freedom of the
articulating surfaces 163, 181. For example, where the bore
holes are dimensioned to be generally of elliptical shape, the
articulating surfaces may rotate 1n greater amounts along the
long access of the elliptical bore hole as compared to the
short axis. The present invention contemplates the use of
differently sized bore holes and/or attaching members to
create prosthetic discs with customized degrees of rotation
along any number of parameters, whether it be increased
flexion/extension, increased lateral bending, etc.

With reference to FIG. 15, a cross sectional view of an
assembled prosthetic disc of the embodiment of FIGS. 13
and 14 1s shown. As seen 1n FIG. 15, stops 185, 186 may be
formed with a threaded end on stops 185, 186. Similarly,
upper endplate 160 may be formed with threaded cavities
193, 194 into which stops 185, 186 may be 1nserted. Stops
185, 186 may be configured with engagement areas 195, 196
to drive stops 185, 186 into threaded cavities 193, 194 of
upper endplate 160. In this particular embodiment, engage-
ment areas 195, 196 take the form of hexagonal heads for a
hexagonal driver (not shown). As also seen 1n FIG. 15, upper
surfaces 197, 198 of washers 188, 189 of stops 185, 186 may
correspond to the curvature of lower surface 190 of wedge
181 of lower endplate 170. In FIG. 15, one may also see how
keels 165, 175 are formed with windows 166, 167 to aid
positioning of the prosthetic disc as described previously.

With reference to FIG. 16, an alternate embodiment of a
prosthetic disc 1s shown. Prosthetic disc 200 may be con-
figured with upper endplate 210 having a keel 205 with
features similar to those described previously. Bottom end-
plate 220 may similarly be configured with a keel 206
having features as described above.

Referring to FIG. 17, bottom endplate 220 may have a
lower surface 221 and upper surface 222. As seen 1n FIG. 17,
upper surface 222 of bottom endplate 220 may be a partially
spherical convex surface. Interposed between top endplate
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210 and bottom endplate 220 are two intermediate portions
230, 240. First intermediate portion 230 may have a gener-
ally circular portion from which four arms 231, 232, 233,
234 may extend tangentially along the latitudinal axis 235 of
the prosthetic disc. First intermediate portion 230 may be
toamed with a bore hole 236 disposed centrally as shown 1n
FIG. 16. Arms 231-234 are designed to attached to lower
endplate 220 as described 1n more detail below.

Second intermediate portion 240 may be generally circu-
lar 1n shape and may have an upper surface 241 and lower
surface 242. Lower surface 242 of second intermediate
member 240 1s a partially spherical convex surface and may
be configured to engage upper surface 222 of lower endplate
220. Lower surface 242 of second intermediate member 240
and upper surtace 222 of lower endplate 200 may articulate
with respect to each other 1n a ball and joint fashion to allow
movement of adjacent vertebra relative to each other. Sec-
ond itermediate portion 240 may also have protruding
members 243, 244 extending from the proximal and distal

ends of second intermediate portion 240, which are designed
to interact with first mntermediate member 230 as described
in more detail below. As seen 1n FIG. 17, second interme-
diate member 240 may have a linking member 2435 posi-
tioned centrally on the upper surface 241 of second inter-
mediate member 240. In this particular design, post 245 1s
configured with a unique mterlocking design at the superior
end of post 245. Respectively, upper endplate 210 may be
configured with a recerving area 247 designed to cooperate
with the interlocking design of post 245. Accordingly, when
assembled, second intermediate portion 240 1s capable of
being fixedly attached to upper endplate 210. In the embodi-
ment 1llustrated 1n FI1G. 17, the unique iterlocking design of
post 245 and the recerving area 247 of upper endplate 210
not only provide for a fixed connection, but also prevent the
second mntermediate member 240 from rotating with respect
to upper endplate 210. Accordingly, to the extent the upper
endplate 210 1s capable of moving when attached to a
vertebral body (not shown), second intermediate member
240 will move with upper endplate 210. Also as seen 1n FIG.
17, a fastener 249 may be provided to secure the connection
between upper endplate 210 and second intermediate mem-
ber 240. In this case, the fastener 1s an exteriorly threaded
fastener that can partially pass through the receiving area
247 of upper endplate 210 and engage an internally threaded
blind hole within post 245 of second intermediate portion
240. As seen 1n FI1G. 18, lower surface 251 of upper endplate
210 may be configured with a collar 252 that i1s configured
to receive post 245 of second intermediate portion 240.
Collar 252 adds stability to the connection between the
second intermediate portion 240 and the upper endplate 210.

Returming to FIG. 16, first intermediate portion 230 1s
fixedly attached to bottom endplate 220. As can be seen 1n
FIG. 16, arm 231 1s attached to the upper surface 222 of
bottom endplate 220. First intermediate portion 230 may be
generally curved to correspond to the curvature of articu-
lating surfaces of the prosthetic disc, 1.e. upper surface 222
of lower endplate 220 and lower surface 242 of second
intermediate portion 240. First intermediate portion 230 may
also be formed such that a cavity 236 1s created between
parts of the arms and generally circular portion 237 as seen
in FIG. 16. As one of ordinary skill in the art would
understand, a similar cavity 238 may be formed on the
opposing side. Accordingly, cavities 236, 238 provide space
within which portions of the second intermediate portion
240 may fit.

Referring to FIG. 18, a cross section view of the prosthetic
disc of FIG. 16 1s shown. In this view, fastener 249 1s
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inserted and connects upper endplate 210 and second 1inter-
mediate member 240. First intermediate member 230 1s
connected (connection not shown 1n cross section) to lower
endplate 210. When assembled, second intermediate mem-
ber 240 1s captured by the first intermediate member 230.
Even though second intermediate member 240 1s captured,
first intermediate member 230 1s formed such that first
intermediate member 230 may still articulate relative to the
partially spherical convex surface 222 of lower endplate
220. As can be seen by FIG. 18, however, the degree of
articulation between the respective endplates may be limited
by at least the interaction of post 245 and sidewall 253 of
bore hole 236 of first intermediate member 230. Accord-
ingly, as one of ordinary skill 1n the art would understand,
bore hole 236 and post 245 may be configured 1n various
s1izes and dimensions to control the amount of articulating
between first intermediate portion 230 and lower endplate
220. First intermediate member 230 also prevents the sepa-
ration of the upper endplate 210 and lower endplate 220 as
the first intermediate member 230 captures the second
intermediate member 240, which 1s fixedly attached to upper
endplate 210.

Returning to FIG. 16, protruding members 256, 258 are
shown extending from second intermediate member 240.
Protruding members 2356, 258 may extend from second
intermediate member 240 at an angle, 1n the superior direc-
tion. As seen 1n FIG. 16, protruding member 256 1s config-
ured such that upon axial rotation of the prosthetic disc,
protruding member 256 may contact sidewalls 257, 258 of
arms 232, 233 of first intermediate member 230. Accord-
ingly, protruding members 256, 258 may acts as stops or
limits on the degree of axial rotation of the prosthetic disc.
As one of ordmnary skill in the art would understand,
protruding members 256, 258 and arms 231-234 may be
s1ized and dimensioned to vary the degree of axial rotation
permitted by the prosthetic disc.

Referring to FIG. 19, an alternate embodiment of a
prosthetic disc of the present invention 1s shown having a top
endplate 260 and bottom endplate 270. Top endplate 260
may have a keel 265 with features similar to those described
above. Bottom endplate 270 may also have a keel 275 with
features similar to those described above. With reference to
FIG. 20, an exploded view of the present prosthetic disc
embodiment 1s provided. As seen 1n FIG. 20, the prosthetic
disc has a top endplate 260 and bottom endplate 270. Bottom
endplate 270 has a lower surface 271 and upper surface 272.
Upper surface 272 of bottom endplate 270 1s a partially
spherical convex surface. Attached to the upper surface 272
of bottom endplate 270 are two side rails 273, 274 that run
the length of lower endplate 270 and are disposed at either
side of the prosthetic disc as shown 1n FIGS. 19 and 20. Side
rails 273, 274 are each attached at two different points on the
upper surtace 272 of lower endplate 270. Side rails 273, 274
may be curved to match the curvature of partially spherical
convex surface 272. As seen 1n FIG. 19, between attachment
points at the ends of rail 273, a window 276 1s created.
Window 276 has an upper border 277 that 1s defined by
curved rail 273 and a lower border 278 that 1s defined by the
partially spherical convex surface 272 of lower endplate
270. One of ordinary skill 1in the art would understand that
a similar window would be formed on the other side of the
prosthetic disc.

Referring to FIG. 21, top endplate 260 1s shown. Top
endplate 260 has three portions connected to each other. Top
portion 261 has an upper surface 262 and lower surface 263,
with keel 2635 attached to the upper surface 262. Extending
from the lower surface 263 of top portion 261 of upper
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endplate 260 1s a middle portion 264 that extends generally
along an axis of the top portion 261 and extends in the
inferior direction. Middle portion 264 i1s configured to sup-
port bottom portion 266 of top endplate 260. As seen 1n FIG.
21, bottom portion 266 1s connected to middle portion 264,
with the middle portion creating a link between top portion
261 and bottom portion 266. Bottom portion 266 has an
upper surface 267 and lower surface 268. Lower surface 268
of bottom portion 266 of upper endplate 260 1s a partially
spherical concave surface. Partially spherical concave sur-
tace 268 generally corresponds to partially spherical convex
surface 272 of lower endplate 270. As one of ordinary skill
in the art would understand, upon assembly of the prosthetic
disc of the present invention, partially spherical concave
surface 268 and partially spherical convex surface 272 may
articulate with respect to each other, allowing the upper
endplate 260 and lower endplate 270 to articulate as well.
When inserted into the intervertebral space, the present
design allows the vertebral bodies to move or rotate in all

planes with respect to each other.

With reterence to FIG. 22, a cross section of the embodi-
ment of FIG. 19 1s shown. In FIG. 22, the interaction
between partially spherical concave surface 268 and par-
tially spherical convex surface 272 1s seen. Furthermore,
FIG. 22 shows rails 273, 274 disposed between areas 276,
277, which are defined by the bottom surface 278 of top
portion 261, side surfaces 279, 280 of middle portion 264,
and upper surface 281 of bottom portion 266 of the top
endplate 260. As one of ordinary skill in the art would
understand, rails 273, 274 serve to prevent the top endplate
260 and bottom endplate 270 from separating. This feature
provides a constrained design that adds stability and rigidity
to the overall prosthetic disc. Not only 1s the device con-
strained from tension, 1.e. separation along the longitudinal
axis of the spine, but the constrained design prevents sheer
translation separation, 1.e. separation of the components of
the prosthetic disc as a result of linear translation. Further-
more, the interaction between bottom portion 266 and rails
273, 274 as well as the interaction between rails 273, 274
and middle portion 264 serve to limit the range of rotation
allowed by the articulating surfaces 268, 272. Accordingly,
the prosthetic disc may be designed to provide a range of
rotation. As one or ordinary skill 1n the art would understand,
any number of changes may be made to the size, dimension,
or shape of the rails, bottom portion, and/or middle portion
to control the range of motion permitted by the prosthetic
disc. In one embodiment, the prosthetic disc 1s capable of
axial rotation of between about 1° and 3° In alternative
embodiments, the prosthetic disc 1s capable of axial rotation
of between about 1 degree. and 5 degree. Alternatively, the
prosthetic disc 1s capable of axial rotation of between 1
degree and 15 degree.

Now turning to FIG. 23, another embodiment of the
present invention 1s illustrated. In this particular embodi-
ment, an artificial disc 300 according to on exemplary
embodiment of the present invention 1s shown. In this
particular embodiment, the disc 300 1s provided with an
upper endplate 302 and a lower endplate 304. The upper
endplate 302 and the lower endplate 304 are configured with
keels 306 and generally composed of a titanium material.
The upper endplate 302 1s also provided with an extension
portion 308 that extends toward the lower endplate 304. The
extension portion 308 1s provided with a concave lower
portion that corresponds to a convex upper surface of the
lower endplate 304. The extension portion 308 1s enclosed
by a securing element 310. The securing element 310
extends the width of the lower endplate and the length of the
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lower endplate enclosing the extension portion 308. The
securing element 310 1s provided with an access hole
through which a portion of the extension portion 308
extends through to contact the upper surface of the lower
endplate. On either side of the securing element 310, an
opening 312 1s provided from which the extension portion
308 extends through when the upper endplate 302 moves
relative to the lower endplate 304. The securing element 310
constrains the motion of the upper endplate to the diameter
of the access hole. The diameter of the access hole may be
varied based on how much motion to constrain between the
upper endplate and the lower endplate.

One consideration applicable to some embodiments of the
present ivention, include the desire to maintain the same
degree of rotations 1rrespective of disc position. This may be
the case when the prosthetic disc 1s placed into the interver-
tebral space through a transforaminal approach. As the
prosthetic disc 1s seated within the vertebral space at an
angle offset from either the anterior-posterior axis of the
vertebral bodies and/or the medial-lateral axis of the verte-
bral bodies, 1t may be desirable to provided uniform degrees
of freedom between the articulating surfaces of the pros-
thetic disc to accommodate natural movement in the ante-
rior-posterior direction and medial-lateral direction as well
as provided for uniform degrees of freedom for coupled
motion. This freedom of movement must be designed in
conjunction with the shape of the prosthetic disc such that
the shape of the disc, 1ts stops, and other structural features
do not limit the degrees of freedom 1in one particular
direction more than in others.

Another consideration in some of the embodiments of the
present invention contemplate the design of prosthetic discs
in shapes that complement the implantation approach. For
example, prosthetic discs of a rectangular shape are particu-
larly well configured for insertion at an oblique angle.
Because the transforaminal window 1s small, rectangular
shaped prosthetic discs provide a slim profile allowing easier
insertion of the disc into the intervertebral space. Further-
more, these unique shapes also provide suflicient disc sur-
face area to form stable contacts with the bone of the
intervertebral space. Additionally, certain sizes provide
improved stability of the disc itself by providing suilicient
area for the articulating surface such that their respective
movement 1s stable. All of these factors lead to disc designs
with shape characteristics that make them particularly well
suited for a transforaminal implantation, 1.e. implantation at
an oblique angle to the anterior-posterior or medial-lateral
approaches. It has been found that prosthetic discs with a
Length to Width ratio of about 2 to 1 are particularly well
suited for transforaminal implantation 1n that said discs fit
within the transforaminal window and provide optimum
contact areas for bone contact and articulating surface area
contacts. Thus for example, in one embodiment, the pros-
thetic disc has a length of 30 mm and a width of 15 mm. In
alternative embodiments, the prosthetic disc has lengths
between about 26 and 34 mm and widths of between about
13 and 16 mm.

With respect to each embodiment herein described, it
would be apparent to one of ordinary skill in the art that the
particular directions and configurations of the various sur-
faces can be modified and interchanged. Accordingly, the
upper endplate may be the lower endplate and vice versa.
Similarly, stops may be formed on either or both endplates.
Additionally, keels may be on both or none of the endplates.
Moreover, the prosthetic discs of the current invention may
additionally contain any number of other features including
for example, titanium sprays or other coatings or surface
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deposits that promote or help bony ingrowth/ongrowth.
Similarly, the endplates themselves may be formed, in whole
or 1n part, ol materials or contain materials that promote
bony ingrowth/ongrowth. Also, the various embodiments
disclosed herein are not limited to construction out of any
particular materials although metal on metal designs are one
variety contemplated.

While 1t 1s apparent that the mnvention disclosed herein 1s
well calculated to fulfill the objects stated above, 1t will be
appreciated that numerous modifications and embodiments
may be devised by those skilled 1n the art. Therefore, 1t 1s
intended that the appended claims cover all such modifica-
tions and embodiments that fall within the true spirit and
scope of the present invention.

What 1s claimed 1s:

1. A method for stabilizing spinal elements comprising:

providing an intervertebral prosthetic implant comprising:

a first endplate having a first surface configured to
substantially engage with a first vertebral body and a
second surface having a protrusion;

a second endplate having a first portion and a second
portion, the first portion includes a first surface
configured to substantially engage with a second
vertebral body and a second surface configured to
recerve the protrusion of the first endplate,

wherein the second endplate 1s formed by coupling the
first portion and the second portion,

wherein the first endplate includes a first stop and a
second stop, wherein the first stop and the second
include an attaching portion and a washer portion;

wherein the second portion includes a first bore hole
and a second bore hole for a receiving a portion of
the first stop and a portion of the second stop,

positioning the mtervertebral prosthetic implant between
adjacent intervertebral vertebrae.

2. The method of claam 1, wheremn the first endplate
includes an extension on the first surface.

3. The method of claim 1, wherein the attaching portion
1s a cylindrical rod.

4. The method of claim 1, wherein the attaching portion
1s configured to attach to the first endplate on a first end and
the washer portion on a second end.

5. The method of claim 1, wherein the washer portion 1s
fixedly attached to the attaching portion.

6. The method of claim 1, wherein the attaching portion
of the first and second stops pass through the first and second
bore holes of the second portion of the second endplate.

7. The method of claim 1, wherein the first endplate and
the second endplate are configured to articulate with respect
to each other but are limited by the interaction between
perimeters of the first and second bore holes and the attach-
ing portions of the first and second stops.

8. The method of claim 1, wherein the first and second
bore holes are elliptical.
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9. A method of stabilizing the spine comprising the steps
of:
providing an intervertebral prosthetic implant, the
intervertebral prosthetic implant comprising:

a first endplate having a first surface configured to
substantially engage with a first vertebral body and a
second surface having a concave contact surface and
a protrusion;

a second endplate having a first portion and a second
portion, the first portion includes a first surface
configured to substantially engage with a second
vertebral body and a second surface configured to
receive the second portion,

wherein the second endplate 1s formed by coupling the
first portion and the second portion,

wherein a cavity 1s formed between the first portion and
the second portion, and within the cavity there is
positioned a first stop and a second stop,

wherein the second portion includes a first bore hole
and a second bore hole for a receiving a portion of
the first stop and a portion of the second stop

wherein the first endplate and the second endplate
articulate with respect to one another; and

positioning the intervertebral prosthetic
between adjacent vertebrae.

10. The method of claim 9, wherein the first endplate
includes an extension on the first surface.

11. The method of claim 9, wherein the first stop and the
second include an attaching portion and a washer portion.

12. The method of claim 11, wherein the attaching portion
1s a cylindrical rod.

13. The method of claim 11, wherein the attaching portion
1s configured to attach to the first endplate on a first end and
the washer portion on a second end.

14. The method of claim 11, wherein the washer portion
1s fixedly attached to the attaching portion after the first and
second endplates are fixed to one another.

15. The method of claim 11, wherein the attaching portion
of the first and second stops pass through the first and second
bore holes of the second portion of the second endplate.

16. The method of claim 11, wherein the first endplate and
the second endplate configured to articulate with respect to
cach other but are limited by the interaction between perim-
eters of the bore holes and the attaching portions of the first
and second stops.

17. The method of claim 9, wherein the first and second
bore holes are elliptical.

18. The method of claim 9, wherein the first endplate and
the second endplate 1includes a first keel and a second keel.

19. The method of claim 18, wherein the first keel and the

second keel includes windows.

implant
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